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Abstract. We study tachyon inflation within the large -N formalism, which takes a prescrip¬ 
tion for the small Hubble flow slow-roll parameter ei as a function of the large number of 
e-folds N. This leads to a classification of models through their behaviour at large N. In 
addition to the perturbative N class, we introduce the polynomial and exponential classes for 
the ei parameter. With this formalism we reconstruct a large number of potentials used pre¬ 
viously in the literature for Tachyon Inflation. We also obtain new families of potentials form 
the polynomial class. We characterize the realizations of Tachyon Inflation by computing the 
usual cosmological observables up to second order in the Hubble flow slow-roll parameters. 
This allows us to look at observable differences between tachyon and canonical single field 
inflation. The analysis of observables in light of the Planck 2015 data shows the viability of 
some of these models, mostly for certain realization of the polynomial and exponential classes. 
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1 Introduction 

From its inception, inflation has been a extremely useful mechanism to address several issues 
which the old cosmology was unable to explain [1], The inflationary paradigm has involved a 
vast effort in model building and the variety of models is huge. The nature of the inflationary 
field is not yet determined and in principle the tachyon can be responsible for inflation. The 
tachyon held was brought up to prominence by A. Sen [2, 3] who studied type II string theory 
and the tachyon instability signals on D-branes. In the context of the brane wold paradigm 
the tachyon held as also been a subject of study (see for instance [4]) and references there in. 
The cosmological relevance of the tachyon was hrst explored in [5-7], where the expansion 
of the universe was studied for various initial conditions (see also [8-11]). Independently of 
its possible origin in string theory one can simply take the tachyon held as another inhaton 
candidate and study its implications without trying in a hrst approximation to understand 
its origin and theoretical implications. 

In the present article we study tachyon inflation in the so called large-A formalism [12— 
14], where relevant quantities are functions of the number of e-folds N, taken as an evolution 
variable instead of the usual inhaton held q i>, or cosmic time. The large-A^ formalism has been 
successfully applied to obtain model-independent predictions for the scalar spectral index 
[15] as well as for the running [14] in the canonical single-held inflation scenario. Interesting 
results for the excursion A (f> of the inhaton have obtained in [16] within this formalism. 

In practice, the large-A formalism is employed to obtain universal classes of inhationary 
models from the mathematical relations that hold between two general physical conditions, 
namely a large number of e-folds and the smallness of the slow-roll parameters. In the large- 
A formalism these two requirements are linked in a single prescription to guarantee a long 
period of inflation. Concretely, these two conditions are linked through an explicit function of 
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the Hubble flow slow-roll parameter e\. An explicit form of ei(lV) allows one to group families 
of potentials in a single prescription with common functional forms for the observables. The 
large -N formalism represents a powerful method of extracting important information about 
complete classes of inflationary models in a condensed way; as opposed to the usual treatment 
of individual models starting from an explicit potential. 

In this paper we describe the large -N formalism in the context of Tachyon Inflation 
(Sec. 2). In Sec. 3 we consider three different prescriptions of the e\{N) function which cover 
most of the models considered so far in tachyon inflation. We also find new classes of poten¬ 
tials, to our knowledge not previously published. We also address in two important questions 
regarding this model: First a check for stability of the model keeping control over the propaga¬ 
tion speed for perturbations c s and the validity of the fluid description by computing the size 
of entropy perturbations (App. A). The second important question is the non-Gaussianity 
of the different realizations of the model, which we evaluate in Sec. 3 following previous 
works [9]. The large-IV formalism also works to directly derive the sets of observables in the 
tachyon. We contrast the cosmological parameters with the recent observations by the joint 
PLANCK-KECK-BICEP analysis [17], and the BAO-PLANCK data [18], at second order in 
the slow-roll parameters (see Sec. 4). We use the derived values to demonstrate the relevance 
of our work for a specific model derived from string theory (Sec. 4.2). Finally, Section 5 
contains a discussion of our results and concluding remarks. 


2 Tachyon Inflation and the large -N Formalism 


The scenario of inflation driven by a tachyon field is described by the action 


S 



1 

167T 


R - V(T) (1 + g^d^TdvT) 



( 2 . 1 ) 


Our background spacetime is the usual homogeneous and isotropic Friedmann-Lemaitre- 
Robertson-Walker (FLRW) with a metric given by ds 2 = — dt 2 + a(f) 2 dx 2 . Thus, in what 
follows a prime denotes a derivative with respect to the scalar field and a dot represents 
a derivative with respect to cosmic time. The relevant equations for this scenario are the 
Klein-Gordon that encodes the dynamics of the field and the Friedmann equation, given in 
the background by 


f + 3HT(1 - T 2 ) + (In V)'(l - T 2 ) = 0 , 

H 2 = 87r V 

3 (1 - T 2 )i/2 ’ 


( 2 . 2 ) 

(2.3) 


where the units employed are such that Mp\ = (87t) -1 / 2 . The Hubble parameter introduced 
here is defined as H = dln[a]/dt. It is natural to introduce the definition of the number of 
e-foldings as a parametrization of the amount of expansion in the inflationary period: 


N = 



(2.4) 


where the subindex eo ; denotes the end of inflation. 

The accelerated expansion is usually characterized by a set of slow-roll parameters which 
directly control the steepness of the inflationary potential. For our purposes we find convenient 
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to introduce the alternative Hubble flow slow-roll parameters, as introduced in Ref. [19]: 


e 0 = H*/H, 


£j+1 = 


d In | a 
dN 


i > 0. 


(2.5) 

( 2 . 6 ) 


Here H* is the Hubble parameter at some chosen time, and e* = Het6i+ 1 . Inflation is guar¬ 
anteed if ei < 1. The Hubble flow functions e* are defined in terms of derivatives of H with 
respect to the number of e-folds N, and in particular we can write 


N(T) = 



(2.7) 


This integral is useful in the application of the large-IV formalism. To first order in slow-roll, 
these parameters can be related to derivatives of the potential as it is shown in [8], thus a 
relation between the usual slow roll parameters and the Hubble flow slow-roll parameter is 
easily obtained if we consider that, within a slow-roll regime, 3 H 2 ~ V(cj>), see reference [20] 
for a detailed explanation. 

In order to solve the system of the Klein-Gordon equation (2.2) plus the Friedmann 
equation (2.3), one must provide an explicit form of the potential V(T). An alternative set 
of evolution equations to the Fiedmann/Klein-Gordon set is the following Hamilton-Jacobi 
system 


H' 2 = ^ H 4 T - 16vrV 2 , (2.8) 

H’ = ~^H 2 f. (2.9) 

This and Eq. (2.6) imply that a form for the first slow-roll parameter is ei(IV) = §T 2 . 

It is thus clear that in this formulation one can specify a function e\(N) to fully determine 
the inflationary observables. 

The cosmological observables can be written in terms of the ei(IV) parameter as shown 
in the equations below 


H(N) 

£2 


£ 3^2 


Hq exp 



ei (N)dN , 


1 de i 
~~e[~dN ’ 

1 d 2 e i / 1 de\ \ 2 
el dN 2 “ \e^dNj 


( 2 . 10 ) 

( 2 . 11 ) 

( 2 . 12 ) 


This last equation shows that the explicit function ei (N) and the integration of the Hubble 
parameter in Eq. (2.10) completely determine the evolution of the tachyon field. 

A reparametrization of observables may seem unnecessary at first sight. However, there 
are two main advantages of determining the evolution of fields via e\(N): Firstly, a more 
general description of the dynamics is obtained without appealing to a particular form of 
the potential. This leads to classes of the tachyon model grouped in a single description. 
A second feature is the more accurate description achieved by employing the Hubble flow 
slow-roll parameters in terms of ei (IV). This is achieved because, as opposed to the standard 
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slow-roll treatment, in the present formalism the scalar kinetic term is encoded within the 
Hubble flow parameters. 

To completely define the inflationary models at hand, it is desirable to specify the explicit 
form of the potential V(T). The reconstruction for the dependence V(N) is made after 
imposing the slow-roll approximation. Then H 2 ~ V implies the form for our potential in 
concordance with Eq. (2.10), that is, 


V = Vq exp 


J 2ei(N)dN 


(2.13) 


To establish the dependence V(T) we use (2.7) and the chain rule. 

Finally, we can express observables as functions of the number of e-folds N, as calculated 
in [ 8 ]. The Hubble slow-roll parameters are, 


r = 16ei + 16ei ( Ce 2 - ^ei ) + O(ef), 


n s = 1 - 2 ei - e 2 - 


2el + I 2 C + — ) f\62 + Ce 263 


+ 0 (e?), 


nt — — 2 ei — 2 ei [ei + (1 + C)e 2 ] + O(ef). 


(2.14) 

(2.15) 

(2.16) 


where n s is the scalar spectral index, n s k its running and nt the tensor spectral index. All 
these quantities are evaluated at the scale at which the perturbations are produced, some 
50 — 60 e-folds before the end of inflation. Here the constant C = —2 + In 2 + 7 ~ —0.72 and 
7 is the Euler constant. 

A final but important observable of tachyon inflation is the non-Gaussianity of the model. 
This has been an important aspect of non-canonical models of inflation as it is pointed out 
in Refs. [21, 22], According to the latest observations [23], a model of single field inflation 
can be ruled out if the primordial non-Gaussianity parameter exceeds |/nl — 0.8| > 5.0 in 
the local limit configuration. The prescription for adiabatic perturbations within the tachyon 
inflationary models is [9] 


/nl 


2 f 

3 H 



2V'" 
3 HV 


2V'V" 4H' 3 y 

HV 2 + 3 HV 3 )\ ’ 


(2.17) 


where kp = 3 ^~ V ~~y 2 v+v 2 , is the freeze-out momentum scale, which indicates a regime of 
non-linear self-interaction of the scalar field. We shall use this expression to evaluate the non- 
Gaussianity in the cases of study. As in that reference, we assume adiabatic perturbations, 
which dominate the power spectrum as shown in the appendix A. 

Aiming to observationally distinguish our model from the canonical single field inflation, 
we compute the well known consistency relation, which links the tensor-to-scalar ratio, the 
scalar spectral index n s , and the tensor spectral index nt [see 8 , 19, 24], These relations could 
in principle be tested when observables are determined with enough accuracy. The difference 
between the canonical scalar field inflation (CSFI) and the tachyon field inflation (TSFI) can 
be appreciated only at quadratic order in slow-roll as mentioned in Ref. [ 8 ]. That is, 


CSFI consistency relation 
TSFI consistency relation 


nt = - r -[l-^ + (l-n s )] + 0(e 3 ), (2.18) 

n t = - r -[l-^ + {l-n 8 )] + 0(6 3 ). (2.19) 
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In the first part of the following Section 3, we compare both the CSFI and TSFI scenarios 
within the perturbative class of models (where the slow-roll function takes the form ei ~ ^). 

3 Universality Classes for Tachyon Inflation 

In this section we present a classification of the potentials for the tachyon held according to the 
function e\(N). Aside from a smooth function, this parameter must vanish asymptotically for 
large N. With the aid of the large -N formalism it is possible to characterize, for large values 
of N. different models at once in terms of a single form of the function e±. Here we propose 
three classes of models, which stem from three different prescriptions for the e\(N) function: 
a perturbative of the form e ~ (Sec. 3.1), an inverted polynomial function (Sec. 3.2) and 
finally an exponential correspondence (Sec. 3.1). For each class of models we obtain a explicit 
expressions for the potential and test the cosmological observable parameters up to second 
order looking at constrains from the observables of tachyonic inflation. For all these classes we 
are able to obtain reasonable values and, in all of them, a red-tilted spectrum in accordance 
with observations and a small amplitude for the non-Gaussianity parameter. 



(c) (d) 

Figure 1 . We show the behavior of the /nl parameter for the perturbative, polynomial and expo¬ 
nential clases respectively, all of them showing a small value for the non-Gaussianity parameter 


In all cases we calculate the value for the speed of sound, as a propagating speed for the 
scalar perturbations as discussed in Appendix A. The condition (? s > 0 is fulfilled in all cases, 
showing that the model is free of pathologies. 


3.1 Perturbative class 


The most direct way to write a small parameter ei as a function of the large number of e-folds 
N, is the inverse relation, also called the perturbative class, is 


A 


ei = 


N' 
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(3.1) 















V(T) ~ 

A 

n s 

n t 

r 

c s 

/nl 

rp‘2 

0.25 

0.9699 

-0.0101 

0.0787 

0.9983 

1.6 x 10" 7 

rj-' 4 

0.3333 

0.9665 

-0.0134 

0.1048 

0.9977 

4.9 x 10" s 


0.375 

0.9648 

-0.0151 

0.1179 

0.9974 

2 x 10" 8 


0.4 

0.9637 

-0.0162 

0.1258 

0.9973 

1 x 10“ 8 

exp (a /87 tVqT) 

.05 

0.9595 

-0.0203 

0.1571 

0.9966 

0 


Table 1. Values of the observables are here given for potentials determined by the parameter A in 
the perturbative class, up to second order in the Hubble flow parameters and at N = 50 e-folds of 
inflation. 


The family of inflationary potentials in this class is recovered from integrating Eq. (2.13); 
that is, V = VqN 2X . The potential with the usual T dependence and parametrized depending 
on the value of A reads: 


V(T) = V 0 = < 


V 0 T r 


V 0 T~ 


0 < A < 


V 0 exp (V87 tV 0 T) A = 


(3.2) 


1 <- A <" 3N 

o < A < -rr, 


where Vq = Vq 


7r(l— 2A) 2 

A 


2A 

(1-2A) 


and n =1 


4A 

1—2A 


We immediately see that from this per¬ 


turbative class the monomial power law potential is recovered for A < ^. In particular, the 
quadratic and quartic forms, widely analyzed in the literature (e.g. [9, 11] and references 
therein), are recovered in this class of the large-IV formalism. The upper bound A = |lV in 
the third family of potentials is set to guarantee that the effective sound speed c s be well 
defined. Indeed, for this class of models is given by 


c 2 = l-^ 
s 31V’ 


(3.3) 


which limits the range of values of A in Eq. (3.2). 

The spectral index, the tensor-to-scalar ratio, as well as the scalar and tensor runnings 
to second order in slow-roll can be derived from Eqs. (2.14) to (2.16). Explicitly, 


16A (C~\ A) 1 + 2A 2A(A + 2C + |) 2A 2A(A + 2C + 1) 

r ~ ~W + W ’ Hs ~ N W ’ ^~N N 2 ' 

(•'>• 1 ! 

When evaluating the observables at N = 50 we obtain the cosmological parameters 
values given in Table 1. Note that for the perturbative class we obtain values for r small 
enough to meet the Bicep2/Keck/Planck constraints. The numerical values of cosmological 
parameters will appreciably change when varying N, an shown in Section 4. 

In a rough comparison between the CSFI and TSFI scenarios within the perturbative 
class, we note that even at first order there are differences between the numerical values of 
the cosmological parameters between both models (see Table 2). On the other hand, the 
difference between the consistency relations of Eqs. (2.18) and (2.19) shows that 


An* = n? SFI - 


TSFI 


48 


(3.5) 
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V(T) vs V{<j>) 

n s i{T) 

n s i{4>) 

n s i(T) - n s i{4>) 1 

n(T) 

ri(4>) 

n(T) - n(<t>) 

T 2 vs i j) 2 

0.97 

0.96 

0.01 

0.08 

0.16 

0.08 

T 4 vs </> 4 

0.9666 

0.94 

0.02668 

0.10656 

0.32 

0.21344 

T e vs ^ 

0.965 

0.92 

0.045 

0.12 

0.48 

0.36 

r 8 vs <j) s 

0.964 

0.9 

0.064 

0.128 

0.64 

0.512 


Table 2. Comparison between the canonical single field (CSFI) and the tachyonic (TSFI) inflationary 
scenarios. Cosmological parameters at first order are evaluated for N = 50 e-folds of inflation. 


If future experiments measure the tensor-to-scalar ratio and the tensor index, a precision 
of order 1/50 is required in the latter with respect to the face value of r in order to distinguish 
between the CSFI and TSFI scenarios. Regarding the differences kept in other observables, 
we show in the next section that TSFI provides a better fit to the current data than the CSFI. 

The non-Gaussianity parameter for the perturbative class of models is given in the local 
limit by 


/nl 


(1 — 2A) 2 /1-2A + 2JVA 

- 2N - )■ 


(3.6) 


The amplitude of non-Gaussianity is plotted in Figure 1(a). As the equation above shows, 
/nl is small since it behaves like regardless of the value of A. Thus, for large- N, /nl will 
always present negligible values. 


3.2 Polynomial class 

The polynomial class is characterized by an equation of state parameter given by 

_ A 
Cl “ N(N 2X + 1) 

While previous works have dismissed this class of models, arguing that sub-leading terms in 
the denominator provide a negligible contribution, here we show sensible differences can be 
distinguished between this and the previous perturbative class. 

The family of inflationary potentials in this class is takes the form V = . Con¬ 

sequently, the potential as a function of T is shown in the equation below depending on the 
value of A 


(3.7) 


V(T) = 


V 0 - 


7rVo(l—2A) 2 
A 


11 2A) -j_ 1 


where A = 


Vo7r(l—2A) 2 
A 


2A 

(1-2A) 


and n = 


4A 


= 


Co 


AT n 
AT n +1 


0 < A < i, 


|Vo [l + tanh (y/2-irV qT)] 


, VO A+T n 


a = i 


A>i 


(3.8) 


To our knowledge, this class of potentials 


1-2A 

has not been explored in previous studies of Tachyonic Inflation. While the effective sound 

r.2 _ 1 2 . 

-'s 

up to second order in the Hubble flow parameters (up to O(ef)), the values for the spectral 


speed c 2 = 1 — |ei is a real number regardless of values for A in a realistic model. Computed 
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V{T)~ 

A 

n s 

n t 

r 

c s 

/nl 

AT 2 

AT 2 + 1 

0.25 

0.9703 

- 0.0012 

0.0097 

0.9997 

2.2 x 10 ~ e 

AT 4 

AT 4 + 1 

0.3333 

0.967 

-0.0009 

0.0071 

0.9998 

3 x 10 ' 6 

AT 6 

at 6 +1 

0.375 

0.9654 

-0.0007 

0.0059 

0.9998 

3.4 x 10 ~ 6 

AT 8 

AT 8 +1 

0.4 

0.9644 

-0.0006 

0.0052 

0.9998 

3.7 x 10- e 

l-|-tanh(v / 27rVbT) 

0.5 

0.9605 

-0.0003 

0.003 

0.9999 

4.8 x 10~ e 


Table 3. Values for observables in the polynomial class at second order in the Hubble flow parameters 
for the some A values for N = 50 e-folds of inflation. 


and tensor indices and the tensor to scalar ratio are 

"3 {C + N-N 2 )( 1 + N 2X ) 2 + 2A 2 [3 + 2 N 2X (8 + 3C - 2)]" 

Us ~ N 2 (1 + N 2X ) 2 

2X (1 + N 2X ) [8 + 6C + 3N + 3 N 2X (C + N )]" 

N 2 (1 + N 2X f 

- 2 A (1 + A + C + N) - 2A N 2X [1 + C + 2A(1 + C) + N] 

Tit — o i 

N 2 {1 + N 2X ) 2 

16A [-A + 3(JV + C) + 3N 2X (C + 2XC + JV)1 . , 

r = - k - 7 j-(3.9) 

3 N 2 (1 + N 2X f 

Numerical results for observables for IV = 50 are given in Table 3. Finally, the non- 
Gaussianity parameter for this class is 

2A 1 + 2A\ 

N{1 + N 2X ) + 2 N ) ' 

(3 ' 10) 

As in the case of the perturbative class, Figure 1(b) shows that /nl is small and asymptotically 
vanishing like N{N 2 \ +1 y 


/nl = 


(1 - 2A ) 2 + A^ 4 A(1 + 2A) - 2 N 2X (A + 6 A 2 - l) 
31V 2 (1 + N 2X ) 2 


3.3 Exponential class 

As a final example of the versatility of the large -N formalism, we present two specific cases 
where the explicit form of the potential in terms of the field can be obtained. From the 
first case we recover a potential previously found in Refs. [3, 8 , 25] for a tachyon inflationary 
model. The results obtained here complement those studies and provide important constraints 
on their parameters. In the second case we find a potential of the eternal inflation type. In 
both cases all the observable parameters are computed explicitly. 


3.3.1 First exponential case 

The first class is characterized by an equation of the state parameter given by 

































and the 


The family of inflationary potentials in this class is integrated as V = Vo e f^ 1 , 
explicit form as a function of the tachyon held reads 


H =^_ 

2nXV 0 T 2 + 1 


(3.12) 


The effective speed of sound and the values for the observables up to order O(ef) in the 
Hubble how parameters are given by 


c = 1- 

3 (e XN + 1) ’ 


n 9 = 1 — A — 


A 2 [—3 — 2e XN (8 + 3C)] ( 3 


n t = 


6(1 + e XN ) 2 

A [2 + A + 2(1 + A + XC)e XN ] i ^ ( 3 
(1 + e XN ) 2 


+ 0(e]), 

+ 0 ( 4 ), 


4A[6-A + 6(l + AC )e ™] 

3(1 + e XN ) 2 

From plotting the non-Gaussianity parameter, 

A 2 (l - 3e AJV )log (1 + ftanh (^)) 


/nl = 


3(1 + e XN ) 2 


(3.13) 


(3.14) 


we note that the /nl shows a peak for N ~ 30 and then vanishes asymptotically (Figure 1(c)), 
while the value for the hrst non-Gaussianity parameter is again small, this might be a feature 
worth exploring for the cases where /nl could be large. 


3.3.2 Second exponential case 

The second class is characterized by the following equation of the state parameter 

2A 

61 — e 2A N _ e -2\N ' 


(3.15) 


The family of potentials V = Votanh(AlV), given in terms of V(T ) is 

° cosh (-v+brAVoT) 


(3.16) 


This is one of the most popular models in the literature, [e.g. 6, 7]. While our approach 
derives potentials from expressions of ei, we show below that our analysis and subsequent fit 
to observations can contribute to constrain models inspired in string theory [7]. 

In this class the effective sound speed and observables up to order O(ef) in the Hubble 
parameter are 


n s 

n t 


r 


1 — -Acsch(2A./V), 

O 

1 — Acsch 2 (2AlV) 


(3.17) 


-A(8 + 6 C) cosh(2A N) + 2(A + 2A C + sinh(2A!V)) + sinh(4A!V) 


—2Acsch(2AlV) [1 + 2A(1 + C) coth(2A!V) + Acsch(2AA7)], 


16Acsch(2AAi") 


1 + 2Acoth(2AlV)-Acsch(2AA^) 

3 
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V(T)~ 

A 

n s 

n t 

r 

c s 

/nl | 

1 

1 x 10" 7 

0.9595 

-0.0203 

0.1571 

0.9966 

6.6 x 10“ 27 

coshf^/S-rrAVoT) 

1 

2*AV n T^ + l 

.04 

0.9596 

-0.0048 

0.0371 

0.9992 

2.4 x 10"^ 


Table 4. Observables in both cases of the exponential class of models, at second order in the Hubble 
flow parameters, for N = 50 e-folds of inflation. 


If we take this results and evaluate for N = 50 we obtain the cosmological parameters 
values given in Table 4. The non-Gaussianity for this class is 

/nl = — ^A 2 sech 2 (AIV) In [1 + A tanh(AIV)] , (3.18) 

o 

with /nl again small as shown in Figure 1(d). 

4 Cosmological Parameters Vs Observations 
4.1 Parameter fitting 

We have used a suite of cosmological data to compare different models with observations. 
In Figure 2 we present the marginalized confidence regions at 68% and 95% on the pair 
of parameters (n s , r) from two sets of observations. The red contours correspond to the 
confidence regions obtained from CMB data from the Planck satellite [26] plus BAO data from 
different observations at redshifts z = 0.106, 0.15, 0.57 and 0.32. We employed the 2015 Planck 
data release including TT, TE, EE, low P and lensing data. On the other hand, the blue 
contours correspond to baseline and lensing Planck data combined with Bicep2/Keck/Planck 
joint constraints on B-mode polarization [17]. 

For both datasets we used the publicly available Markov chains from Planck, analyzed 
by using python scripts from CosmoMC [27]. These chains were produced considering n s , 
n s k and r as free parameters. The primordial scalar power spectrum is determined by A s , n s 
and n s k, while the primordial tensor power spectrum will have an amplitude determined by 
r, with nt satisfying the consistency relation (2.19) at first order. 

The results of our parameter analysis are condensed in Figure 2. From the Markov chains 
we obtain the primordial power spectrum parameters to have values of n s = 0.966 ± 0.008, 
n s k = —0.008 ± 0.015 and r < 0.17 at 95% confidence for the Planck 2015 plus BAO data 
and n s = 0.968 ± 0.008, n s k = —0.007 ± 0.015 and r < 0.11 at 95% confidence for the 
BICEP2/Keck/Planck data. In the leftmost panel, Figure 2(a), the perturbative class is 
reported. The model with exponential potential gV^WoT ( corre sponding to A = 1/2) is 
excluded at 95% confidence for the BICEP2/Keck/Planck data. In the same panel, the 
models corresponding to potentials of the form V{T) oc T , T 6 and T 8 fall outside the 
68% confidence region of both data sets. Such tension might increase with future CMB 
polarization observations. In the rightmost panel, Figure 2(b), we see that all the polynomial 
models studied fall inside the 68% confidence region of both datasets, at least for some values 
of N. This is thanks to the small amplitude of the tensor perturbations, generic in this class 
of models. In the bottom panel, Figure 2(c), we note that for the exponential models, and 
depending on the number of e-folds, a single potential can generate values that fall outside the 
95% confidence region (for N = 50) and values that almost reach the 68% confidence region for 
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(a) The inflation models correspond to the 
perturbative class with potentials V oc T 2 
(blue), T 4 (green), T 6 (red), T 8 (yellow), 
and e v ' 8nVoT (cyan). 



(b) The inflation models correspond 
to the polynomial class with potentials 
V oc AT 71 /{AT 71 + 1) for n = 2 (blue), 
n = 4 (green), n = 6 (red), and n = 8 
(yellow). 



(c) Inflation models corresponding to the 
exponential classes. The potentials are 
V oc l/cosh(v / 87rAT 1 ) for A = 0.01 (blue), 
and A = 10 -7 (green). Also V = 

Vo/{2nXVoT 2 + 1) for A = 0.02 (red), and 
A = 0.0307 (yellow), see Table 4. 

Figure 2. Marginalized confidence regions at 68% and 95% for n s and r for the different classes of 
potentials in tachyon inflation. The blue region corresponds to Planck 2015 TT, low P and lensing 
data [26] plus the BICEP2/Keck/Planck collaboration data [17]. The red region represents Planck 
2015 TT, TE, EE, low P and lensing confidence regions [26] including BAO from ref. [18]. ■ indicates 
evaluation of models at N = 60 and thick coloured lines denote intermediate values up to the lower 
value N = 50, represented by •. 


the Planck 2015 + BAO data (for N = 60). The model with potential V = Vq/{2t:\VqT 2 +1) 
lies precisely at the centre of both confidence regions if A = 0.0307. 


4.2 An example from String Theory 

As mentioned earlier, a popular model of Tachyon Inflation is that of Eq. (3.16), with its 
observational parameters constrained in Figure 2(c). Now we show that our results may serve 
to constrain also specific models derived from string theory. As a particular example, we look 
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at the action (with restored Natural units for clarity) [7] 


S= d 4 xy/^g 


Ml 


pi 


R - AV(T) 1 + BsTdfjTdvT 


1/2 


(4.1) 


where the potential of Eq. (3.16) written in terms of the fundamental string length l s = '/a': 


V(T) 


cosh 



(4.2) 


The extra parameters A and B are dimensionless numbers coming from the dimensional 
reduction of the action for the unstable brane system in string theory [7]. We note that our 
approach can constrain such numbers if we equate Vo = -4.Vo, T = \lBT and our parameter 
A = X/(AB), when we express (4.2) in the form of (3.16) by writing, 


x = 



TyJxVo/M^ = T \J AVo/Mpj. 


(4.3) 


After these substitutions, the model in (4.1), (4.2) recovers the expressions in Eqs. (2.1) and 
(3.16). Our fit to observables yields parameter values derived from the set [Vo, A, T(N = 
60)] = [3.37 x 10-^, 0.01, 2.12 X 10 5 /Mpi], which consequently constrain the product 

M 2 

a'B = = 1.48 x 10 10 /iV/p ] . (4.4) 

Thus a given choice of the fundamental string length a! is bound to generate a specific 
value of B. In turn, this would set the value of the tachyon held of the string-inspired model 
with T(N = 60) = T(N = 60 )/y/B. This would aid to reduce the value of the held trajectory 
during the inhationary stage; a desirable property to be explored in a follow-up paper [28]. 
Further constraints to this particular model involve values for the radius of compactihcation 
(see [7, 29]), a subject to be explored elsewhere. For now, this example demonstrates that our 
analysis can constrain models motivated by high energy physics, with the bonus of a physical 
interpretation for our auxiliary parameter A. 


5 Discussion and Concluding Remarks 

We have studied the tachyon held inhationary scenario by means of the large -N formalism. 
We propose three universal classes of models for this scenario; namely the perturbative, 
polynomial and exponential classes, presented in Section 3. Such classification is naturally 
derived within the larged formalism and allows us to organize different models for the 
tachyon held inflation scenario in terms of their cosmological predictions, in the large-A" 
limit. A family of potentials is obtained for each one of the classes, with every realization 
corresponding to a numerical value of the parameter A. We calculate for all the classes the 
form of the cosmological parameters in terms of the number of e-folds. 

In the first case of study, the perturbative class, we recover the well known family of 
power-law potentials. We report on constraints to some of the most important realizations of 
the model through up-to-date observations. This hrst class of models is particularly important 
since we can directly compare the models of Tachyon Scalar Field Inflation (TSFI) with 
those reconstructed for the Canonical Scalar Field Inflation (CSFI) scenario by means of 


- 12 










their respective consistency relations, Eqs. (2.19) and (2.18), respectively. We find sensible 
differences in the results for the tensor-to-scalar ratio (see Eq. (3.5)). We conclude that a 
precision of order one in 50 in the detection of the tensor index with respect to a hypothetically 
observed value of the tensor-to scalar ratio is required in order to distinguish both scenarios. 

For the second class of models, the polynomial class, we have derived a novel family of 
potentials within the tachyon inflationary scenario (see Eq. (3.8)). The corresponding results 
in Figure 2(b) show that the polynomial class accommodates models that better fit the data, 
and mostly prefer a very small value of the tensor-to-scalar ratio. 

For the exponential class, we focus on two specific cases for which we can derive an 
explicit function of the potential V ( T ). From both cases we find cases theoretically motivated 
in previous studies [3, 6-8, 25]. The results obtained here complement previous analyses and 
provide a method to constrain those models. 

We estimate higher order contributions of the inflationary perturbations by computing 
the non-Gaussianity parameter /nl for the perturbations of the tachyon field model. In all 
cases this parameter in the local configuration approaches asymptotically to zero for large N, 
leading to a Gaussian distribution in the large -N limit. 

As argued in previous studies, high precision will be required in observations to distin¬ 
guish tachyon inflation from its canonical counterpart. In particular, we note that the main 
differences arise for the cosmological parameters at second order in slow-roll. This is the main 
motivation to report the expressions of cosmological parameters at this order for each class. 
However, the difference between both scenarios at large N, where the featured formalism is 
valid, shows to be negligible. 

The main feature of our study is the possibility of determining the observable parameters 
for several classes of potentials within the Tachyon inflationary scenario, by exploiting the 
large -N formalism. The results in Figure 2 display important differences between the various 
realizations of the models in three classes of potentials. We conclude that the large-IV for¬ 
malism is a powerful method to explore the richness of inflationary scenarios and to address 
their viability with enough precision for present and future observations. 

A The Fluid Approximation 

The fluid description of the tachyon field is valid as long as its evolution follows an adiabatic 
path. In the background such trajectory is derived from the first law of thermodynamics and 
implies the continuity equation. The stability of the adiabatic description is tested through 
perturbations and we show here that the non-adiabatic perturbations are suppressed in the 
inflationary stage. 

The density and pressure of the tachyon field can be read from the matter action as 

PT = j2S= , Pt = -F(T)Vl-T 2 . (A.l) 

VI -T 2 

The adiabatic trajectory is one where the pressure and density change proportionally, accord¬ 
ing to the equation of state 

p 

w = — = —1 + T 2 , (A.2) 

P 

which can be written in terms of the first Hubble flow parameter, 

W = -§2=l( 1 + ^) =^ 1+W )- ( A - 3 ) 
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It is because of this last equivalence that the first Hubble flow slow-roll parameter e±(N) 
has been dubbed the equation of state parameter. Yet the trajectories of the tachyon field 
may deviate from adiabaticity, which would break the fluid approximation for the tachyon 
perturbations. Here we show that this is not the case by looking at the adiabatic sound speed. 
This is the speed of perturbations along the adiabatic trajectory, and is given by 


c 


2 

s 


P T 

-— = —w 
Pt 



2(lnR)'\ 

3 HT ) ' 


(A.4) 


This is easily derived from the continuity equation and the Hamilton-Jacobi Eq. (2.9). For 
matter perturbations, the departure from adiabaticity is denoted by the entropy perturbation 
^-fnad- 

5Pt = C 2 s 5pT + h Triad = c 2 5pt + Pt D (A.5) 

Here T, the entropy perturbation, parametrizes the difference between uniform density and 
uniform pressure slices. That is, 


„ r _, 2 2 U _ 2 (InH)' 

Pt r — (c eff C s )5p com — ^ OPcom ) 


U1 _ SP T ,dpT ^ 

with Ceff = g = w ■ (A-6) 


Here we introduced the effective sound speed c e fr = w, and note that the sub-index com 
indicates that the matter density is measured in hypersurfaces orthogonal to world lines 
comoving with the fluid (comoving gauge). The comoving energy density perturbation is 
related to the gauge-invariant Bardeen metric potential T b through the Poisson equation 
[30, 31], 

4vr Ga 2 5p com = V 2 ^. (A.7) 


a field equation valid even in a fluid with non-vanishing pressure [32]. On the other hand, 
the difference in sound speeds can be written in terms of the slow-roll parameters defined in 
( 2 . 6 ), 


2 _ 2 2 (In V)' _ 2 £2 

eff s 3 HT 3(1 + |ei) ‘ 


(A.8) 


Combining the last two expressions we can write 


T 


1 ( 2 2 62 \ v 2 4+ 

wpt y 3(1 + |ei) J 4:nGa 2 


4 ( 1 6 2 \ V 2 T b 

3 ^ 3 (1 + fei) ) a 2 H 2 ' 


(A.9) 


The factor in large brackets is of order one in a slow-roll inflationary regime. However, 
inflationary perturbations are generated at horizon exit and subsequently expand to scales 
well above the Hubble horizon r+ = l/H, which implies that V 2 /(aiT) 2 <C 1. The entropy 
perturbations are thus suppressed in the usual inflationary picture. This result agrees with 
that found in [8] and justifies our assumption of adiabatic fluctuations when computing spectra 
and the bispectrum of the tachyon field. 
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